Flow releases from dams can be used to scour benthic algae, simulating the effects of natural spates and maintaining benthic algae in an early successional stage for increased grazer palatability. The timing of releases needs to consider the natural periodicity of flow events and the speed of regrowth and community succession changes. We studied benthic algal regrowth and succession using manipulative field experiments during summer and winter in the upland regulated Severn River, New South Wales, Australia. Benthic algal biomass accrual as chlorophyll a and community changes were determined after artificially scoured cobbles were returned to the river. In summer, algal biomass and diversity on scoured cobbles took 2 weeks to return to levels similar to reference cobbles and 5 weeks in winter. Chlorophyll a during summer was initially 0.24 ± 0.06 mg m −2 on scoured cobbles, but by day 16 had increased to 9.74 ± 1.97 mg m −2 and was no longer significantly different from reference cobbles. In winter, chlorophyll a was initially 0.47 ± 0.13 mg m −2 on scoured cobbles, but by day 37 had increased to 44.7 ± 10.9 mg m −2 and was no longer significantly different from reference cobbles. Peak chlorophyll a accrual during summer and winter was 1.64 and 2.63 mg m −2 d −1
Introduction
Benthic algal communities occupy many key positions in the lotic environment. They are the dominant primary producers in most stream ecosystems (Biggs 1995, Biggs and Smith 2002) and are often considered to be the main source of energy for higher trophic levels (Minshall 1978 , Lowe 1980 , Lamberti 1996 , Thorp and Delong 2002 . These benthic communities are often regulated by disturbance, particularly by spates. Such phenomena, depending on magnitude, can temporarily reduce stream primary production (Tett et al. 1978) , benthic algal abundance (Biggs and Close 1989 , Grimm and Fisher 1989 , Francoeur et al. 1998 , and alter benthic algal community composition (Entwisle 1989 , Uehlinger 1991 , Peterson 1996 , Biggs et al. 1999 . Such disturbances are an important structuring element in the benthic algal community (Downes et al. 1998, Biggs and Smith 2002) .
In highly regulated streams, the magnitude and frequency of flow downstream of dams is reduced. River regulation by dams can reverse seasonality, and water released for irrigation is often under stable flow regimes (Neel 1963 , Ward 1976a , 1976b less than would have naturally occurred and remain in late successional states often dominated by proliferations of filamentous green and blue-green algae (Burns and Walker 2000a) . Scouring can reset the successional status back to an early stage community dominated by diatoms through removal of taxa on the substrate via physical forces (Fisher et al. 1982 , Peterson and Grimm 1992 , Peterson et al. 1994 , Biggs 1996 . Grazing macroinvertebrates are able to feed preferentially on early succession benthic algal taxa, whereas late succession algae are less palatable or physically difficult to consume (Gregory 1983, Lamberti and Moore 1984) . Late succession benthic algae if not regularly scoured can also become problematic for water users as long mats or strands of filamentous algae can dominate and choke riffles, lowering water quality (Biggs 1996) .
The speed of recovery after scouring events is an important consideration in stream ecology (Stevenson 1990) . Benthic algal communities have been shown to recover rapidly following spates (Fisher et al. 1982 , Power and Stewart 1987 , Stevenson 1990 , often accruing biomass quickly (Scrimgeour et al. 1988 , Biggs 1996 , Biggs and Stokseth 1996 . An understanding of the rate of biomass accumulation and successional changes of benthic algae following scouring events is necessary to develop strategies for the timing of flow releases to maintain desirable benthic algal communities and densities.
The Severn River on the east coast of Australia is regulated by Pindari Dam. Water is primarily stored in this dam for irrigation. Larger releases from the dam occur during the spring-summer cotton growing season. During other times, small releases are maintained for stock and domestic needs (mean flow <50 ML d −1 ). Consequently, flow variability is reduced and late succession benthic algal communities are sustained for long periods. Environmental flows have been allocated to the Severn River from Pindari Dam in an attempt to reinstate downstream flow variability and improve river conditions and ecological health that have declined since the construction of the dam (DWE 2009 ). It was envisaged that these environmental flows could improve downstream benthic algal communities by returning the algae to an early stage of succession and reducing the occurrence of problematic algal proliferations.
In this study we examined benthic algal regrowth on artificially scoured cobbles placed back into the Severn River. Growth was examined during a summer and a winter period. The pattern and rate of benthic algal growth was measured over 37 days. We discuss the findings in a management context, considering how the timing of flow releases from dams can be used to keep benthic algal communities in an early succession stage and keep undesirable filamentous growths from dominating.
Materials and methods

Study area
The Severn River is a regulated river in inland northern New South Wales, Australia (Fig. 1) . It is 235 km long and is a tributary of the Macintyre River and part of the Murray-Darling Basin. It flows northwest from its headwaters near Glen Innes before it is regulated at Pindari Dam (30 km east of Ashford). It joins the Macintyre River 85 km downstream of the dam. Pindari Dam has a wall height of 85 m and a maximum storage capacity of 312 GL. The dam has a multilevel off-take that is usually set at the depth of the thermocline to reduce the downstream transport of problematic algal blooms. Land use in the Severn River catchment area is primarily grazing, with approximately 60% of land cleared. The sampling site used for this study was the Severn River at Ashford. It had uniform cobble size, with little overhanging riparian vegetation.
Experimental design
Two manipulation experiments were performed during the periods of October-December 2007 (summer, mean water temperature 25 °C) and July-August 2008 (winter, mean water temperature 11 °C). The experiments examined benthic algae growth and colonisation on artificially scoured cobbles that were placed within the river among unscoured (naturally occurring) cobbles over 37 d periods. Unscoured cobbles within the riffle were used as a reference of the river benthic algae community. Natural cobbles were used as a substrate instead of artificial substrata to ensure a natural population of benthic algae developed Stevenson 1980, Aloi 1990 ).
Experimental procedure
Benthic algae accrual was measured as chlorophyll a over a period of 37 days. Initially for each experiment, 54 cobbles were collected using a random numbers table to assign longitudinal and transverse coordinates for each cobble, from a stretch of riffle approximately 30 m long by 10 m wide. As in Biggs (1995) , no conscious bias was used to collect cobbles, but cobbles <0.05 m in diameter and those too large to lift single-handedly (approximately >0.3 m) were excluded. Before removal of cobbles at all stages of the experiment, flow velocity (measured 0.05 m from the river bottom) and water depth were measured immediately adjacent to cobbles using a Pygmy Flow meter (CMC 200, Hydrological Services, Australia) and a metre ruler, respectively. Succession and accrual of benthic algae on cobbles Inland Waters (2012) 2, pp. 89-100 Individual cobbles were manually scrubbed clean to remove the majority of benthic algae. An analysis of cobbles scrubbed repeatedly prior to the start of the experiment revealed that this technique removed more than 95% of biomass and chlorophyll a, a finding similar to Hill and Middleton (2006) . Each stone was scrubbed with a stiff nylon brush and rinsed with distilled water to wash dislodged algae into a clean bucket. Both the brush and bucket were rinsed thoroughly with distilled water between samples to avoid cross contamination of samples. The slurry for each cobble was transferred to a labelled 500 mL jar and stored on ice in the dark until processed (within 12 h). This slurry of benthic algae was later used to determine chlorophyll a content and algal taxonomic composition for each cobble. The scrubbed cobbles were allowed to partially dry in the shade, so that a small label could be attached before replacing them in the river to begin the experiment on day 0. Cobbles were exposed to air for approximately 3 hours.
All cobbles were replaced in a randomised grid pattern in the same riffle where they were collected. The same stretch of riffle was used in both experiments. The experimental areas were 30 × 8 m and 4.4 × 2.4 m for the summer and winter experiments, respectively. A smaller area was used for the second experiment to aid in relocating cobbles. Cobbles were nestled into the river bed to reduce drag.
Flow velocity and water depth were measured immediately adjacent to each cobble (as previously described). On days 0, 2, 5, 7, 9, 13, 16, 22, and 37 for the summer experiment and days 0, 2, 5, 7, 9, 15, 17, 22, and 37 for the winter experiment, 6 cobbles were relocated using the coordinates, removed and scrubbed as described above. On all sampling occasions, 6 replicates were located, except days 13 and 37 of the summer experiment, when only 5 were located. An additional 6 cobbles were also randomly chosen from the same riffle at each sampling time to act as a reference benthic algae sample. They were collected and scrubbed as described above. Surface area was determined for all cobbles collected and calculated using the aluminium foil technique described in Lowe et al. (1996) .
Benthic algae samples
In the laboratory, each algal sample was made up to a total volume of 500 mL and blended for 1 min to homogenise. From this volume, subsamples were removed for chlorophyll a determination (5 mL) and algal identification and enumeration (50 mL). Subsamples for chlorophyll a were filtered onto GF/C filters and frozen. Chlorophyll a was determined by standard methods (APHA 1995) using the grinding technique and acetone as the solvent. Measurements were corrected for phaeophytin. Algal samples for identification and enumeration were preserved and stained with approximately 2 mL of Lugol's Iodine as described in Hötzel and Croome (1999) ; 1 mL of the preserved sample was counted using a Sedgwick-Rafter counting chamber and compound microscope under Köhler illumination at 200× magnification. Counts were made to provide a precision of ±15% (minimum of 200 cells counted) of the dominant taxa (Hötzel and Croome 1999) . To account for differences in cobble surface area, total cell counts were then divided by cobble surface area. Benthic algae were identified to genus level using the keys of Prescott (1978) , John (1983) , Entwisle et al. (1997) , Gell et al. (1999) , and Sonneman et al. (2000) .
Nutrients and water quality
On each sampling occasion, water samples for nutrient analysis were collected. Samples were filtered through sterile 0.45 µm pore size Millipore membrane filters and the filtrate then frozen until subsequent analysis for soluble reactive phosphorus (SRP), oxidised nitrogen (NO X -N), and soluble silicon (Si). All analyses followed standard methods (APHA 1995) . Samples were also taken for turbidity measurement as Formazine Turbidity Units (FTU), using a calibrated Hach Model 2100A Turbidimeter. Dissolved oxygen (DO in mg L −1 ), pH, and electrical conductivity (EC in µS cm −1 ) were also measured in situ using calibrated WissenschaftlichTechnische Workstatten (WTW) Oxi 330/SET, WTW pH 330/SET-1, and WTW LF 330/SET meters, respectively. Water temperature and light intensity in air were recorded every 15 min for the duration of each experiment using 2 OnSet HOBO pendant temperature and light data loggers. Mean daily discharge in the Severn River was obtained from a nearby NSW Office of Water gauging station, located immediately downstream of the study site.
Statistical analysis
Univariate and multivariate analyses were used in combination to detect differences in abundance and community composition of benthic algae between the scoured treatment (days 0-37) and reference cobbles (days 0-37). All data were tested for heteroscedacity and normality and, where necessary, transformed using a Log x+1 transformation before analysis. The chlorophyll a content of the scoured treatment was compared to that of the reference population using a 2-way ANOVA with treatment and days as factors. A Bonferroni post hoc test for pairwise differences was used. Differences in the scoured and reference cobble benthic algae assemblages over time were examined using ANOSIM and SIMPER analyses and a 2-dimensional nonmetric multidimensional scaling (nMDS) ordination. Log x+1 transformed data, including all taxa, and the Bray-Curtis metric (Clarke 1993, Clarke and Warwick 2001) were used. Flow velocity measurements and depths were also analysed using a 1-way ANOVA, using treatment as the factor. Analyses were considered significant at the probability level of 0.05. Error bars plotted on graphs represent standard error of the mean (SEM). ANOSIM and SIMPER analyses and nMDS ordination plots were created using Primer 6 (Clarke 1993, Clarke and Warwick 2001) . GraphPad Prism 5 was used to perform 1-and 2-way ANOVAs.
Results
Mean daily discharge during the summer experiment fluctuated between 23 and 634 ML d −1 (Fig. 2a) . Low discharge in the first week of the experiment was followed by a series of flow pulses corresponding to irrigation water releases. Water temperatures over this period ranged from 20.4 to 33.6 °C (Fig. 2a) . During the winter experiment, mean daily discharge ranged from 20 to 885 ML d −1 (Fig. 2b) , and flow was low and relatively stable before a sharp rise and fall in flow during the later stage of the experiment. Water temperatures ranged from 8.6 to 17.9 °C (Fig. 2b) . During the winter experiment, water temperature variations were dampened with increased flows.
The mean depth and flow velocity measurements for scoured and reference cobbles for each experiment were recorded (Table 1) . Flow velocity measurements and individual cobble depths recorded for scoured and reference cobbles during both experiments were found to be not significantly different from one another (p > 0.05). Mean irradiance during daylight hours was 1243 ± 43 µmol m −2 s −1 in summer and 41 ± 3 µmol m −2 s −1 in winter. Light levels were unlikely to limit algal growth with mean Succession and accrual of benthic algae on cobbles Inland Waters (2012) 2, pp. 89-100 (Fig. 3a) increased on days 9-13 when flow increased (Fig. 2a) . During the winter experiment, nutrient concentrations and turbidity levels were relatively stable with generally lower flows (Fig. 3b) .
Changes in chlorophyll a
During the summer experiment, scouring of cobbles reduced chlorophyll a levels to 0.24 ± 0.06 mg m −2 on day 0. Chlorophyll a was significantly lower than the reference cobbles for days 0-9 (Fig. 4a) . After day 13, chlorophyll a levels were not significantly different (p > 0.05) from the reference cobbles. For the winter experiment, scoured cobbles had an initial chlorophyll a level of 0.47 ± 0.13 mg m −2
. Chlorophyll a on the scoured cobbles was significantly lower (p < 0.05) than reference cobbles for all sampling days, except the last (Fig. 4b) . Chlorophyll a maximum concentrations were greater during the winter experiment at 44.7 ± 10.9 mg m −2 (day 37) almost 5 times higher than the summer maxima of 9.74 ± 1.97 mg m −2 (day 16).
During summer, net chlorophyll a accrual was greatest on scoured cobbles between days 9 and 13 at 1.64 ± 0.59
. Net accrual was slow during the first 9 days of the experiment at 0.14 ± 0.11 mg m . Net chlorophyll a accrual was greatest from days 22 to 37 on scoured cobbles at 2.63 ± 0.53 mg m −2 d −1
. This was similar to the peak accrual rate on reference cobbles during winter of 2.93 ± 0.01 mg m −2 d −1 between days 7 and 9.
Benthic algae community changes
The relative proportions of individual algal classes found on reference cobbles remained relatively stable for the duration of the summer and winter experiments despite considerable fluctuations in overall abundance. In contrast, at genus level, the algal assemblages on scoured cobbles varied considerably. In the early stages of the summer experiment, scoured cobbles were dominated by diatoms such as Cocconeis, Synedra, and Navicula as well as the rhodophyte Audouinella. The green filamentous alga Stigeoclonium was generally not present until after day 13 (Fig. 5) . After this point, abundance of Stigeoclonium increased to >15% of total cells; however, diatoms still dominated the algal assemblage during the middle period of the experiment accounting for 75% of cells on ), and all algae groups decreased by more than half and remained low until day 37. By this time the distribution of algae taxa was similar to that of the reference cobbles (Fig. 5) . SIMPER analysis of the algal data identified that the presence and abundance of diatoms (typically Cocconeis, Synedra, and Navicula), along with Audouinella cells, were the dominant taxa found on early stage succession cobbles, accounting for >80% of similarities between these samples (day 0 to 9). Not until days 13-16 did the increased abundance of Cocconeis and Stigeoclonium create a difference between early stage (days 0-7) and late stage (days 13-16) samples, with the 2 taxa accounting for approximately 40% of the differences between early and late stage succession samples. After day 16, Synedra and Melosira accounted for 15% of differences between early and late succession samples. Audouinella, Cocconeis, Melosira, and Stigeoclonium were common on scoured and reference cobbles; however, increased abundances of these taxa on reference cobbles accounted for 50% of the differences between these cobbles and scoured cobbles.
For the majority of the winter experiment, diatoms (particularly Synedra and Fragilaria) accounted for nearly 90% of all cells on scoured cobbles. Only at day 37 did Stigeoclonium become the dominant taxon, increasing from 3 to >50% of cells present (Fig. 6) . The algal assemblage on scoured cobbles, primarily made up of diatoms and Stigeoclonium, did not resemble that of the reference cobbles until day 37. SIMPER analyses showed the algal community on scoured cobbles between days 0 and 22 was different from the later one. Diatoms dominated the early stages while Stigeoclonium dominated late stage algal communities, and this was similar to the reference cobbles. The presence of Stigeoclonium on cobbles accounted for approximately 20% of differences seen between early and late succession samples.
The nMDS plot from the summer experiment benthic algal community demonstrates the temporal trajectory of scoured cobbles, showing a progression from an early to a later stage community that is more similar to that on the reference cobbles (Fig. 7a) . In the winter experiment, only the day 37 scoured samples were grouped close to those of the reference community, which coincided with the peak abundance (Fig. 7b) .
In summer, the Shannon diversity index based on genera from scoured cobbles started the experiment at 1.16, peaked at 1.79 at day 16, and dropped to 1.59 at the end of the experiment (Fig 8a) . On reference cobbles, the pattern of diversity was reversed, peaking at 1.76 on day 2 and declining to 1.43 by day 13, and rising slightly by day 37. In winter, diversity on scoured cobbles was higher overall than in summer and highest early in the experiment at 1.83 before declining and remaining around 1.50 (Fig 8b) . Diversity on reference cobbles was higher at all times than on the scoured cobbles, peaking at 1.92 but typically remaining around 1.80 (Fig 8b) . 
Discussion
There is limited knowledge regarding how flow-related disturbances influence benthic algal communities and recovery after these events in regulated streams. The periodicity of planned environmental flow releases from dams should consider the natural flow hydrograph and patterns, but may also consider the speed of regrowth and community changes through time. This information on changes in biomass and taxa composition can be used in the planning and timing of flow releases from dams. In this way, benthic algal communities may be maintained for longer periods in a desired state, such as early succession diatom dominance. Maintaining early succession communities is important because benthic algae are a food source for higher trophic levels Walker 2000b, Chessman et al. 2009 ), and diatomdominated communities are preferentially grazed by macroinvertebrates Knight 1987, Power and Stewart 1987) . Maintaining benthic algae in early succession communities in regulated reaches may lead to food web structures that more closely resemble natural systems and favour diverse macroinvertebrate grazer assemblages. Because filamentous algae can clog filters and pumps, early succession benthic algal communities are also less problematic for water users such as irrigators (Biggs 1996) . This study showed that the growth of cobble benthic algae in both summer and winter experiments closely followed the pattern of short-term benthic algal accrual proposed by Biggs (1996) . After an initial period of colonisation, exponential growth is seen until biomass peaks, leading to sloughing and eventual community stabilisation when community carrying capacity is reached. It was also apparent from this study that while the overall algal assemblages may differ in their makeup, early stage succession in the Severn River was typically dominated by rapidly colonising diatoms such as Cocconeis, Synedra, ) on (a) scoured and reference cobbles in the summer experiment (day 0 to 37) and (b) scoured and reference cobbles in the winter experiment (day 0 to 37). Stigeoclonium suffers from photoinhibition at irradiances >350 µmol m −2 s −1 (Rosemond 1993) ; therefore, the lower light conditions in winter were likely more favourable for Stigeoclonium growth and dominance. Rosemond (1993) also observed that Audouinella was able to outgrow Stigeoclonium at higher irradiances. This supports our results from the summer experiment where Audouinella was more abundant than Stigeoclonium for the entire experiment on both scoured and reference cobbles.
Early colonisation by some benthic algae may have been due to the presence of some tightly adhering algal cells, such as filamentous algae with holdfast mechanisms or flat diatoms (Blenkinsopp and Lock 1994, Peterson 1996) that are able to survive periods of scouring by occupying crevices and other refugia (Bergey 1999) . It is also possible that the cobbles were colonised by drifting algal cells from the water column as well as lateral movement from the unscoured cobbles present in the riffle (Fisher et al. 1982) . The cobbles were rapidly colonised by diatoms such as Cocconeis, Synedra, and Fragilaria that later dominated the benthic algae. Fisher et al. (1982) and Stevenson (1990) both observed that substrates were rapidly colonised and dominated by diatoms following scouring. A proliferation of diatoms is typical of early succession on scoured cobbles, while an increased abundance of the filamentous green algae Stigeoclonium can be indicative of late succession (Rosemond 1994 , Biggs 1996 , Burns and Walker 2000a .
Nutrient availability is also an important factor influencing benthic algae development, particularly during times without spates (Biggs 1995) . In the Severn River, nutrient concentrations increased after increases in river flow due to dam releases. It was also at this time that increases in benthic algae abundance on scoured and reference cobbles were observed, suggesting that the small increases in discharge released from Pindari Dam (<800 ML d −1 ) did not have sufficient velocity to scour the benthic algae but may have encouraged growth of benthic algae through increased nutrient availability. This is similar to the findings of Mosisch and Bunn (1997) who noted that less severe and gradual rises in stream flow actually promoted productivity and growth of benthic algae. Horner et al. (1990) also reported that increased stream flow enhanced nutrient concentrations available to algae, leading to an increase in algal abundance.
Natural flow events such as spates and floods are an important mechanism for scouring and resetting river benthic algae (Downes et al. 1998, Biggs and Smith 2002) ; however, in regulated rivers such flow events are often captured by dams, and timing of flows is altered and the magnitude often decreased. Pindari Dam on the Severn River releases low flows to downstream users for most Fragilaria, and Navicula. Later stage communities had an increased abundance of Stigeoclonium while still maintaining many diatoms.
Over summer, the algae assemblage on scoured cobbles started as a community dominated almost exclusively by diatoms with lower numbers of taxa. This switched after 13-16 days to a community composed of more taxa, with diatoms still dominating (particularly Cocconeis), and an increased abundance of Stigeoclonium and some cyanobacteria, a result similar to Fisher et al. (1982) and Burns et al. (1995) . The increase of Cocconeis cells in the summer experiment could partly be due to the increased abundance of Stigeoclonium, as Cocconeis cells often grow epiphytically on the strands of Stigeoclonium (Steinman 1992) and Cladophora (Bergey et al. 1995) .
Despite the slower rate of growth seen initially in winter, measured as the accrual of chlorophyll a and also abundance, the community still changed from a diatomdominated assemblage to Stigeoclonium-dominated at day 22. Hoagland et al. (1982) also found that benthic algal growth on substrates in 2 small reservoirs was slower in winter than in summer due to the slower growth rates of benthic algae at lower temperatures. However, in this study the ultimate levels of chlorophyll a and algal abundance in winter were greater than the levels in summer despite the initial slow rate of recolonisation. This was despite lower temperatures and light levels than in summer. By replacing cobbles into the original unscoured riffle, the benthic algae recolonisation rates were possibly quicker than if the entire riffle was scoured due to the potential source of benthic algae present to recolonise the bare cobbles via active and passive movement. Although the community changes may be more rapid and not fully reflect what may happen in a naturally scoured riffle due to storm flow, they are a good indication of successional patterns and potential rates of regrowth.
In the winter experiment, the rate of benthic algal regrowth on scoured cobbles differed from that in the summer experiment. There was a gradual rise in abundance and density until the termination of the experiment. This differed from the summer experiment where a peak was followed by a decline in chlorophyll a and abundance. The gradual increase in abundance and chlorophyll a during winter was possibly due to the low levels of nutrients for much of the experiment; not until after day 22 did an increase in flow lead to an increase in nutrients, leading to a proliferation of algae growth, particularly Stigeoclonium. Further, in contrast to the summer experiment, few cyanobacteria taxa were recorded at the start of the winter experiment and none after the first week in either of the treatments. periods except during larger irrigation releases. Releases from Pindari Dam are regulated by rules in water sharing plans, which have more recently included some environmental flows. These are currently the only options for releases from the dam that may scour benthic algae. To make the most of irrigation and environmental water releases during summer when growth is at its most rapid, flows capable of causing benthic algae scouring would need to occur at approximately 2-3 week intervals to keep the algae assemblage in a state of early succession. In contrast, winter flow events capable of benthic algae scouring may only need to occur at 5-6 week intervals due to the slower recovery and growth rates over this season. However, the prospect of releasing water at these intervals may not be appropriate for other biota such as fish and waterbirds that also depend on the river, and therefore more natural flow regimes need to be considered.
Timing of releases would also need to consider additional inputs from an unregulated tributary, Frazers Creek, which joins the Severn River at Ashford approximately 30 km downstream of Pindari Dam. These flows could be added to dam releases to generate greater flow velocities and increase the scouring of benthic algae in the Severn River. By utilising the natural flows in Frazers Creek, greater flow velocity could be achieved and timing would mimic natural events. Flows in Frazers Creek and upstream of the dam are more likely to occur during the winter months, when rainfall is at its highest. Any scouring event in this period would keep the benthic algae downstream of the confluence in a state of early succession for longer.
In summary, experiments to determine benthic algal regrowth and succession patterns were performed during summer and winter periods in the Severn River. Early succession benthic algal communities on scoured cobbles were dominated by diatoms such as Cocconeis and Synedra and took approximately 2 weeks in summer and 5 weeks in winter to switch to a late succession benthic algal community. This switch during both experiments typically involved increased abundance of the filamentous algae Stigeoclonium and peak chlorophyll a density on cobbles. The findings of this experiment can be used to better inform river managers on timing of dam releases of water to achieve maximum outcomes from environmental flows if early succession benthic algal communities are desired.
